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[57] ABSTRACT

Acid is removed from cathodic electrocoating baths by
a process in which electroconductive sub-strates are
coated with cationic resins present in the form of aque-
ous dispersions, at least a portion of the coating bath
being subjected to an ultrafiltration where the ultrafil-
tration membrane retains the cationic resin to form an
ultrafiltrate which contains water, solvent, low molecu-
lar weight substances and ions and at least a portion of
the ultrafiltrate is recycled into the coating bath, and at
least a portion of the ultrafiltrate 1s subjected to a special
electrodialysis treatment before being returned into the

electrocoating bath.

3 Claims, No Drawings
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REMOVAL OF ACID FROM CATHODIC
ELECTROCOATING BATHS BY
ELECTRODIALYSIS

This application is a division of application Ser. No.
130,570, filed on Dec. 9, 1987, now U.S. Pat. No.
4,883,573. °
- The present invention relates to a novel process for
removing acid from cathodic electrocoating baths

d
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where electroconductive substrates are coated with |

cationic resins present in the form of aqueous disper-

sions and at least a portion of the coating bath 1s sub-
jected to an ultrafiltration where the cationic resin 1is
filtered out on the ultrafiltration membrane to leave an
ultrafiltrate which contains water, solvent, low molecu-
lar weight substances and ions and is at least partly
recycled into the coating bath.

Cathodic electrocoating is known and 1s described
for example in great detail in F. Loop, Cathodic electro-
deposition for automotive coatings, World Surface
Coatings Abstracts (1978), abs. 3929.

In this process, electroconductive substrates are
coated with cationic resins present in the form of aque-
ous dispersions. Cathodically depositable resins custom-
arily contain amino groups. To convert the resins into a
stable aqueous dispersion, these groups are protonated
with customary acids (also referred to as solubilizing
agents in some publications) such as formic acid, acetic
acid, lactic acid or phosphoric acid. In an electrocoat-
ing process, the protonation is reversed again in the
immediate vicinity of the metallic article to be coated,
by neutralization with the hydroxyl ions formed by
electrolytic water decomposition, so that the binder

precipitates (coagulates) on the substrate. The acid is

not coprecipitated, so that with time the acid accumu-
lates in the bath. As a result, the pH decreases, which
leads to destabilization of the electrocoating bath. For
this reason, the surplus acid must be neutralized or re-

moved from the bath.
U.S. Pat. No. 3,663,405 describes the ultrafiltration of

electrocoating compositions In ultrafiltration, the elec-
trocoating composition is passed under a certain pres-
sure along a membrane which retains the higher molec-
ular weight constituents but lets the low molecular
weight constituents such as organic impurities, decom-
position products, resin-solubilizing agents (acids) and
solvents, pass through. To remove these low molecular
weight constituents, a portion of the ultrafiltrate is dis-
carded and thus removed from the system. Another
portion of the ultrafiltrate is passed into the rinse deck
of the paintline and is used there for rinsing off the
dragout still adhering to the coated articles. Ultrafiltrate
and rinsed-off dragout are returned into the electrocoat-
ing tank for the purposes of recovery. Since the solubi-
lizing agent is used in large amounts, it is not possible to
remove it from the bath to a sufficient degree by dis-

carding ultrafiltrate.
U.S. Pat. No. 3,663,406 describes the parallel applica-

tion of ultrafiltration and electrodialysis for working up
and controlling the solubilizing agent balance of elec-
trocoating baths. The electrodialysts cell is installed in
the electrocoating tank in such a way that the counter-
electrode to the coated article is separated from the
coating dispersion by an ion exchange membrane and an
electrolyte containing the solubilizing agent. By apply-
ing an electric field, the ions of opposite charge to the
ionic resin groups are made to pass through the ion
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exchange membrane into the electrolyte and can be bled
out from there by way of a separate circulation system.
These electrodialysis units installed in the electrocoat-
ing tank take up a lot of space and are very expensive to
service and repair. The membranes can become blocked
with particles from the coating or can be mechanically
damaged by the articles to be coated, so that replace-
ment of the membranes becomes necessary. This is time-
and labor-consuming and can put the coating process
out of operation for a certain period. Ultrafiltration is
only required to produce rinse water for the paintline.

For this reason there are processes whereby it is pos-
sible to transfer the electrodialysis operation from the
electrocoating tank to the periphery of the plant DE-A-
3,243,770 (corresponds to GB 2,111,080) and EP-A-
0,156,341 (corresponds to U.S. Pat. No. 4,581,111) de-
scribe processes of this type, where the portion of the
ultrafiltrate which is recycled into the rinse zone and
then into the electrocoating tank is subjected before
eniry into the rinse zone to a treatment in the cathode
space of an electrolysis cell divided by an anion ex-
change membrane. In this way the solubilizing agent
(acid) accumulated in the ultrafiltrate can be removed
from the coating process. The great disadvantage of
these electrodialysis processes is that lead from an anti-
corrosion pigment customarily used in cathodic electro-
coating is deposited from the ultrafiltrate at the cathode,
as well as other cations. For this reason the cathode was

‘designed to be movable and hence regenerable, which is

Very expensive.

It is an object of the present invention to remove
excess acid from the ultrafiltrate of cathodic electro-
coating baths without incurring the disadvantages de-
scribed above. |

We have found that this object is achieved with a
process for removing acid from a cathodic electrocoat-
ing bath in which an electroconductive substrate is
coated with a cationic resin in the form of an aqueous -
dispersion by separation of the dispersion by ultrafiltra-
tion into a resin dispersion and an ultrafiltrate and fur-
ther treatment of the ultrafiltrate, which comprises

(A) passing the ultrafiltrate through the chambers K ;

of an electrodialysis cell Z4 comprising the characteris-

tic sequence

—(K2—M1—K1—M1)n—,

where M is an anion exchanger membrane and n 1s
from 1 to about 500, and passing an aqueous base

through the chambers K2, or
(B) passing the ultrafiltrate through the chambers K
of an electrodialysis cell Zp comprising the characteris-

tic sequence

—(Ky—M—K1—M2)p—,

where Mj is an anion exchanger membrane and Mj is a
bipolar membrane, and passing water or an electrolyte,
preferably the acid to be separated off, a sait of this acid
or a mixture thereof, through the chambers K3, or

(C) passing the ultrafiltrate through the chambers K
of an electrodialysts cell Z¢ comprising the characteris-
tic sequence

—(K3—M1—K1—M—K2—M3)}p—,

where M1 is an anion exchanger membrane and M3 is a
cation exchanger membrane, and passing an agueous
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base through the chambers K3 and water or an electro-
lyte, preferably the acid to be separated off, a salt of this
acid or a mixture thereof, through the chambers K3, and
performing the electrodialysis using current densities of
up to 100 mA/cm?, the electric field required for this
purpose being applied by means of two electrodes at the
ends of the electrodialysis cell Z4, Zp or Zc.

Cathodic electrocoating is feasible with a large num-
ber of coatings. Ionic character is conferred upon the
coating by cationic resins which customarily contain
amino groups which are neutralized with customary

3

10

acids, for example formic acid, acetic acid, lactic acid or

phosphoric acid, to form cationic salt groups. Cationi-
cally depositable compositions of this type are de-
scribed for example in U.S. Pat. No. 4,031,050,U.S. Pat.
No. 4,190,567, DE-A-2,752,555 and EP-A-12,463.

These cationic resin dispersions are customarily com-
bined with pigments, soluble dyes, solvents, flow im-
provers, stabilizers, antifoams, crosslinkers, curing cata-
lysts, salts of lead and other metals, and sundry auxiliary
and additive substances as well, to give the electrocoat-
ing finishes.

For cathodic electrocoating, the solids content of the
electrocoating bath is generally standardized at from 5
to 30, preferably from 10 to 20, % by weight by dilution
with deionized water. Deposition generally takes place
at from 15 to 40° C. in from 1 to 3 minutes and at pH
5.0-8.5, preferably pH 6.0-7.5, using deposition volt-
ages ranging from 50 to 500 volts. After the film depos-
ited on the electroconductive article has been rinsed off,
the said film is cured at from about 140° C. to 200° C. in
- from 10 to 30 minutes, preferably at from 150 to 180° C.
in about 20 minutes.

Electrocoating baths are generally run continuously,
i.e. the articles to be coated are uninterruptedly intro-
duced into the bath, coated and then removed. This in
turn makes it necessary to charge the bath uninterrupt-
edly with coating composition.

It only takes a short time of operation for undesirable
impurities and solubilizing agents to accumulate in the
bath. Examples of such impurities are oils, phosphates
and chromates, which are brought into the bath by the
substrates to be coated, carbonates, excess solubilizing
agents, solvents and oligomers which accumulate in the
bath since they are not codeposited with the resin. Un-
desirable constituents of this type have an adverse effect
on the coating process, so that the chemical and physi-
cal properties of the deposited film become unsatisfac-
tory. |

To remove these impurities and to keep the composi-
tion of the electrocoating bath relatively constant, a
portion of the bath is drawn off and subjected to ultrafil-
tration.

In a cell, the solutions to be ultrafiltered are brought
into contact with a filtration membrane arranged on a
porous carrier under pressure, for example from a com-
pressed gas or a liquid pump. Any membrane or filter
which is chemically compatible with the system and has
‘the desired separating properties can be used. The con-
tinuous product is an ultrafiltrate which 1s collected
until the solution retained in the cell has reached the
desired concentration or the desired proportion of sol-
vent and of low molecular weight substances dissolved
therein has been removed. Suitable ultrafiltration appa-
ratuses are described for example in U.S. Pat. No.
3,495,465.

Although ultrafiltration is useful for removing nu-
merous impurities from the coating bath, it does not
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provide a satisfactory means of removing solubilizing
agents from the bath. One reason why is that in industry
the ultrafiltrate is used for washing and rinsing freshly
coated articles to remove loosely adhering particles
from the coating composition. This wash liquor is recy-
cled into the coating bath. Although a portion of the
ultrafiltrate is customarily discarded, this is generally
not sufficient to remove the excess of acid. For this
reason it is necessary to subject at least a portion of the
ultrafiltrate to electrodialysis.

The electrodialysis is carried out using electrodialysis
cells Z 4, Zp or Z¢, which differ from one another by
the characteristic sequences of chambers and mem-
branes described above. |

Highly suitable electrodialysis cells comprise for ex-
ample apparatus equipped with exchange membrane
piles and containing up to 800 chambers in a parallel
arrangement.

With all three types of electrodialysis cell, the electric
field is applied by electrodes at the respective ends of
the membrane pile, the electrode rinse being integrated
by a separate electrolyte circulation system or in the
circulation system of chambers K or K3 of electrodialy-
sis cells Z4, Zpg or Z¢c. While the arrangement of anode
and cathode in electrodialysis cell Z 4 is freely choosa-
ble, the anode in electrodialysis cells Zp and Zc 1s in
each case at the left-hand end of the shown characteris-
tic sequence of chambers and membranes, and the cath-
ode in each case at the right-hand end The bipolar mem-
branes in electrodialysis cell Zp are arranged with the
anion exchanger sides toward the anode and the cation
exchanger sides toward the cathode.

Direct current and current densities of 1 up to 100
mA/cm2, preferably from 1 to 30 mA/cm?, are used.
The direct voltage required to this end is dependent on
the conductivities of solution and membrane and on the

membrane spacing.

In electrodialysis cell Z4, the ultrafiltrate is passed
through chambers K; and the aqueous base through
chambers K.

In the electrodialysis cell Zp, the ultrafiltrate is
passed through chambers K; and water or an electro-
Iyte solution, preferably the acid to be separated off, a
salt of this acid or a mixture of the two, through cham-
bers K. | |

In electrodialysis cell Zc, the ultrafiltrate is passed
through chambers K, the aqueous base through cham-
bers K, and water or an electrolyte solution, preferably
the acid to be separated off, a salt of this acid or a mix-
ture of the two, through chambers Ka.

The aqueous base used is an inorganic Or organic
base. Suitable inorganic bases are hydroxides or carbon-
ates of alkali metals or alkaline earth metals or of ammo-
nium. Preference is given to sodium hydroxide, potas-
sinm hydroxide, sodium carbonate, potassium carbon-
ate, calcium hydroxide, barium hydroxide, ammonia or
ammonium carbonate. Suitable organic bases are amines
such as the trialkylamines, trimethylamine and triethyl-
amine or auxiliary bases such as diazabicyclooctane and
dicyclohexylethylamine or polyamines such as polye-
thyleneimines and polyvinylamines or quaternary am-
monium compounds.

The aqueous bases have a pH of up to 14. Preference
is given to a pH from 11 to 13, which can be set via the
concentration of the base.

The aqueous base or water may also contain one or .
more salts, preferably comprising a cation of the above-
mentioned bases and an anion of the abovementioned
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customary acids, in a concentration of from 0.001 to 10
equivalents per liter, preferably from 0.001 to 1 equiva-
lent per liter. Preference 15 given to sodium acetate,
potassium acetate, sodium lactate and potassium lactate.

The process can be carried out continuously or batch-
wise. In the continuous process the solution passes once
through the electrodialysis cell, while in the batchwise
process the solution passes through more than once.
Said batch process can be converted into a quasi pro-
gressive process by feeding the corresponding solution

with fresh ultrafiltrate and fresh base by pH control and
at the same time bleeding off deacidified ultrafiltrate
and partly neutralized base. In this process, the solu-
tions can pass through the electrodialysis chambers in
parallel, cross-flow or countercurrent.

Further electrodialysis cells can be arranged in the
form of a multistage cascade, in particular in the case of
continuous operation.

Suitable ion exchange membranes are prior art mem-
branes which have for example a thickness of from 0.1
to 1 mm and a pore diameter of from 1 to 30 um and/or
a gel-like structure.

The anion exchange membranes are constructed in
accordance with a well-known principle from a matrix
polymer which contains chemically bonded cationic
groups. In the cation exchanger membranes, the matrix
polymer contains anionic groups, and the bipolar mem-
branes have on one side of the surface cationic groups
and on the other side of the surface anionic groups.

Examples of matrix polymers are polystyrene which
has been crosslinked for example with divinylbenzene
or butadiene, high- or low-density polyethylene, poly-
sulfone, aromatic polyether sulfones, aromatic poly-
ether ketones and fluorinated polymers.

The cationic groups are introduced into the matrix
polymers by copolymerization, substitution, grafting or
condensation. Examples of such monomers are vinyl-
benzylammonium, vinylpyridinium
vinylimidazolidinium salts. Amines which still have
quaternary ammonium groups are introduced into the
matrix polymer by way of amide or sulfonamide con-
densation reactions.

The anionic groups, which in general comprise sulfo-
nate, carboxylate or phosphonate groups, are intro-
duced by copolymerization, condensation, grafting or
substitution, for example in the case of sulfonate groups
by sulfonation or chlorosulfonation.

Membranes based on polystyrene are commercially
available for example under the trade names Selemio ®)
(from Asahi Glas), Neosepta® (from Toko Soda),
Ionac® (from Ionac Chemical Company) or Aci-
plex ®) from Asahi Chem.).

Membranes based on polyethylene grafted with
quaternized vinylbenzylamine are obtainable under the
trade name Raipore ® R-5035 (from RAI Research
Corp.), polyethylene grafted with polytetrafluoroethyl-
ene under the trade name Raipore R-1035, polyethylene
grafted with styrenesulfonic acid under the trade name
R-5010 and polytetrafluoroethylene grafted with sty-
renesulfonic acid under the trade name R-1010.

EP-A-166,015 describes anion exchange membranes
based on polytetrafluoroethylene having a quaternary
ammonium group bonded via a sulfonamide group.
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polymers are obtainable for example under the trade

name Nafion ®) (from DuPont).
The bipolar membranes can be produced by super-
posing cation and anion exchange membranes, by adhe-
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sively bonding cation and anion exchange membranes
as described for example in German Laid-Open Appli-
cation DE-OS 3,508,206 (corresponds to U.S. Pat. No.
4,670,125) or U.S. Pat. No. 4,253,900, or as single film
membranes. For instance, German Laid-Open Applica-
tion DOS 3,330,004 describes the production of a bipo-
lar membrane by precipitating an anion exchanger
membrane intermediate which is subsequently provided
with anionic radicals onto a cation exchanger mem-
brane. -

U.S. Pat. Nos. 4,057,481 and 4,335,116 describe pro-
cesses for producing bipolar membranes where cation
exchanger groups are introduced onto one side of a
membrane and anion exchanger groups onto the other
side. Further patent literature concerned with the pro-
duction of bipolar membranes includes for example U.S.
Pat. No. 4,140,815, EP-A-143,582 (corresponds to U.S.
Pat. Nos. 4,673,454 and 4,584,246) and JP Preliminary
Published Application 80/99,927.

Although the process is distinguished by high capaci-
ties which can be adapted to the requirements via the
current, it may happen, depending on the process condi-
tions and the electrocoating bath compositions used,
that with time organic material will deposit on the mem-
branes. In these cases the membranes can be subjected
to an intermediate rinse with dilute acids.

The solutions passed through the electrodialysis cells
have a flow velocity of from 0.001 m/s to 2.0 m/s,
preferably from 0.01 to 0.1 m/s.

The electrodialysis is carried out at from 0 to 100° C.,
preferably from 20 to 50° C., and under from 1 to 10 bar,
preferably under atmospheric pressure. The pressure
drop across the membranes used is up to 5 bar, in gen-
eral up to 0.2 bar.

The cathodic electrocoating process 1s used to coat
electroconductive surfaces, for example automotive
bodies, metal parts, sheets of brass, copper or aluminum,
metallized plastics or materials coated with conductive
carbon, and also iron and steel, which may have been
chemically pretreated, for example phosphatized.

The process of removing acid from the electrocoat-
ing bath by electrodialysis is distinguished by high ca-
pacities which can be adapted to the requirements by
varying the electric current density. Together with the
acid, only insignificant amounts of the other organic
and inorganic constituents of the ultrafiltrate are re-
moved.

EXAMPLE 1

Process variant (A) where the electrodialysis cell Z 4
has the following structure: anode—K—M|—K|—M-
1—K»r—cathode

At 25° C., 150 g of ultrafiltrate having a pH of 5.74
were pumped in a cycle via a stock reservoir vessel
through the central chamber (K1) of a round three-
chamber electrodialysis cell and 150 g of a sodium hy-
droxide solution having a pH of 12.2 were pumped 1n a
cycle through the two outer chambers (K3) via a second
stock reservoir vessel. The anion exchange membrane
used (M) between the chambers K1 and K3 were of the
type Selemion ® DMV (from Asahi Glass). The thick-
ness of the chambers was 1 cm, and the free membrane
surface area amounted to 3.14 cm?. During the run, a
constant direct current was maintained via two elec-
trodes integrated in the two outer chambers (K2) until
the ultrafiltrate had a pH of 6.5. No change 1n weight of
the solutions was detectable at the end of the run. The
changes in the composition of the ultrafiltrate and the



4,971,672

7

electric current densities used and the capacities result-
" ing therefrom are listed in Table 1. The electric voltage
for maintaining a constant current only varied mini-
mally during any one run. The decrease in the pH of the
sodium hydroxide solution was less than 2%.

EXAMPLE 2

Process variant (B) where the electrodialysis cell Zp
has the following structure: anode—K;—M;—K1—M-
»—K—cathode

At 25° C., 150 g of ultrafiltrate having a pH of 5.74
were pumped in a cycle through the central chamber
(K1) of a round three-chamber electrodialysis cell via a
stock reservoir vessel and 150 g of a sodium acetate/
acetic acid solution (composition: 0.067 mol of sodium
acetate/kg, acidified with acetic acid to pH 6.5) through
the two outer chambers (K3) via a second stock reser-
voir vessel. The anion exchange membrane used (M)
between the chamber K; and the anode-side chamber
K, were of the type Selemion ® DMYV and the bipolar
membrane (M3) between the chamber K and the cath-
ode-side chamber K2 comprised two superposed mem-
branes of the type Selemion ® CMYV (cation exchanger
membrane) and AMYV (anion exchange membrane; all
membranes from Asahi Glass). The bipolar membrane
was disposed with its anion exchange side toward the
anode and its cation exchanger side toward the cathode.
The thickness of the chambers was 1 cm, and the free
membrane surface area amounted to 3.14 cm?. During
the run a constant direct current was maintained via
two electrodes integrated in the two outer chambers
(K>) until the ultrafiltrate had a pH of 6.5. No change in
weight of the solutions was detectable at the end of the
run. The changes in the composition of the ultrafiltrate
and the electric current densities used and the capacities
resulting therefrom are listed in Table 1. The electric
voltage for maintaining a constant current only varied
minimally during any one run.

EXAMPLE 3

Process variant (A) where the electrodialysis cell Z 4
has the following structure: anode—K2;—M1—K|—M-
(—Ks—cathode

At 25° C., 150 g of ultrafiltrate having a pH of 3.73
were pumped in a cycle through the central chamber
(K1) of a round three-chamber electrodialysis cell via a
stock reservoir vessel and 150 g of a sodium hydroxide
solution having a pH of 12.0 through the two outer
chambers (K») via a second stock reservoir vessel. The
anion exchange membranes used (M) between the
chambers K; and K; were of the type Ionac ® MA-
3475 (from Ionac Chemical Company). The thickness of
the chambers was 1 cm, and the free membrane surface
area amounted to 3.14 cm?2. During the run, a constant
direct current was maintained via two electrodes inte-
grated in the two outer chambers (K32) until the ultrafii-
trate had a pH of 6.5. No change in weight of the solu-
tions was detectable at the end of the run. The changes
in the composition of the ultrafiltrate and the electric
current densities used and the capacities resulting there-
from are listed in Table 2. The electric voltage for main-
taining a constant current only varied minimally during
any one run. The decrease in the pH of the sodium
hydroxide solution was less than 2%.
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EXAMPLE 4

Process variant (A) where the electrodialysis cell Z4
has the following structure: anode—K;—M—K|—M-
1—K>—cathode -

At 25° C., 150 g of ultrafiltrate having a pH of 5.73
were pumped in a cycle through the central chamber
(K1) of a round three-chamber electrodialysis cell via a
stock reservoir vessel and 150 g of a sodium hydroxide
solution having a pH of 12.0 through the two outer
chambers (K7) via a second stock reservoir vessel. The
anion exchange membranes used (M) between the
chambers K1 and K3 were of the type Aciplex ® A-201
(from Asahi Chemical). The thickness of the chambers
was 1 cm, and the free membrane surface area
amounted to 3.14 cm?2. During the run, a constant direct
current was maintained via two electrodes integrated in
the two outer chambers (K3) until the ultrafiltrate had a
pH of 6.5. No change in weight of the solutions was
detectable at the end of the run. The changes in the
composition of the ultrafiltrate and the electric current
densities used and the capacities resulting therefrom are
listed in Table 2. The electric voltage for maintaining a
constant current only varied minimally during any one
run. The decrease in the pH of the sodium hydroxide

solution was less than 2%.

EXAMPLE 5

Process variant (C) where the electrodialysis cell Z¢
has the following structure: anode—K;—M>—K 3—M-
1—K1—M1—K7—cathode.

At 25° C., 150 g of ultrafiltrate having a pH of 5.73
were pumped in a cycle through the chamber (Ky) of a
round four-chamber electrodialysis cell via a stock res-
ervoir vessel, 150 g of 0.14% strength by weight sodium
acetate solution through chamber K3 via a second stock
reservoir vessel, and 150 g of a sodium hydroxide solu-
tion having a pH of 12.0 through the two outer cham-
bers K, via a third stock reservoir vessel. The anion
exchanger membranes used (M1) between the chambers
K and K> on the one hand and K; and K3 on the other
were of the type Aciplex ® A-201 (from Asahi Chemi-
cal), and the cation exchange membrane (M3) between
chambers K5 and K3 was of the type Selemion R) CMV
(from Asahi Glass). The thickness of the chambers was
1 cm, and the free membrane surface area amounted to
3.14 cm2. During the run, a constant direct current was
maintained via two electrodes integrated in the two
outer chambers (K3) until the ultrafiitrate had a pH of
6.5. No change in weight of the solutions was detectable
at the end of the run. The changes in the composition of
the ultrafilirate and the electric current densities used
and the capacities resulting therefrom are listed in Table
2. The electric voltage for maintaining a constant cur-
rent only varied minimally during any one run. The
decrease in the pH of the sodium hydroxide solution
was less than 2%.

EXAMPLE 6

Process variant (A) where the electrodialysis cell Z 4
has the following structure: anode—K;—M{—K |—M-
1—K—-cathode

At 25° C., 150 g of ultrafiltrate having a pH of 5.73
were pumped in a cycle through the central chamber
(K1) of a round three-chamber electrodialysis cell via a
stock reservoir vessel and 150 g of sodium hydroxide
solution having a pH of 12.0 through the two outer
chambers (K») via a second stock reservoir vessel. The
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anion exchange membranes used (M) between the
chambers K| and K; were of the type Ionac ® 3475
(from Ionac Chemical Company). The thickness of the
chambers was 1 cm, and the free membrane surface area
amounted to 3.14 cm?2. During the run, a constant direct
current was maintained via two electrodes integrated in
the two outer chambers (K3) until the ultrafilirate had a
pH of 6.5. The pH of the sodium hydroxide solution was
then 11.8.

At the end of the run, the solutions were discharged
and replaced by fresh ones without an intermediate
rinse, and the run was repeated under identical condi-
tions. Table 3 shows for 11 such runs in succession the
time required, the change in ultrafiltrate pH, the electric

10
TABLE 3-continued
Measurements pertaining to Examglé 6

Time pH ] Capacity
Run No. [min] UF [mA/cm?) (kg UF/m? - h]
| 150  6.50 10.2 955
9 0 5.73 12.3
12.8 6.50 11.0 1119
10 0 5.73 i2.1
13.3 6.50 10.8 1077
11 0 5.73 11.9 1002
We claim:

1. A process for removing acid from a cathodic elec-
trocoating bath in which an electroconductive substrate

current density at the start and the end of the run and 15 is coated with a cationic resin present in the form of an

the resulting capacity.

No decrease in capacity was detectable.
TABLE 1

aqueous dispersion, by separation of the dispersion by
ultrafiltration into a resin dispersion and an ultrafiltrate

Ultrafiltrate composition before and after electrodialysis; electric
current densities and capacities for Examples 1 and 2

FK Pbt+ Nat ClI— Ac~™ PM BG j Capacit!

pH [Z] [ppm] [ppm] [ppm] [%] [%] [%) [mA/cm?]  [kg UF/m* - h]
Ultrafiltrate feed 5.74 0.51 685 10 0.1 0.09 0.61
for Examples 1 and 2
Dragout Example 1 6.5 039 675 9.5 0.1 011 0.55 2.0 274

6.5 | 4.0 474
Dragout Example 2 6.5 0.38 671 13 0.1 0.12 0.59 2.0 144

6.3 4.0 246

6.5 10.0 757

6.5 22.6 1462

FK = solids

AcT = acetate

PM = methoxypropanol
BG = butylglycol

Capacity = amount of uitrafiltrate brought to pH 6.5 per hour per m? of total membrane surface area

TABLE 2

Ultrafiltrate composition before and after electrodialysis; electric

current densities and capacities for Examples 3, 4 and 5

FK Pb+t+ Nat Cl™ Ac— PP BG j Capacit

pH [%] [ppm] [ppm] [ppm] [%] [%] [%] [mA/cm?] [kg UF/m?. hl
Ultrafiltrate feed 573 030 556 17 14 0.1 023 0.50 - —
for Examples 3, 4and 5
Dragout Example 3 6.5 029 541 12 12 <0.1 020 049 11.3 1031

65 030 522 11 14 <0.1 025 0.51 11.8 016

6.5 030 546 13 13 <01 023 049 12.4 1077
Dragout Example 4 65 029 539 12 15 <0.1 021 045 11.6 1124
Dragout Example 5 6.5 0.28 541 24 21 <0.1 020 048 7.0 427

6.5 0.28 535 21 18 <0.1 021 047 14.0 808

FK = solids

AcC™ acetate

PP = phenoxypropanol
BG = butylglycol

Capacity = amount of uitrafiltrate brought to pH 6.5 per hour per m? of total membrane surface area

50
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TABLE 3
Measurements pertaining to Example 6 |
Time pH ] Capacity
Run No. [min] UF imA/ cm?] [kg UF/m? - h]

1 0 5.73 12.2

16.0 6.50 11.3 895
2 0 5.73 11.1

16.6 6.5-0 9.0 863
3 0 5.73 11.5

15.5 < 6.50 10.2 924
4 0 573 11.6

14.2 6.50 10.3 1009
5 0 5.73 11.4

15.9 6.50 10.1 2901
6 0 5.73 11.5

15.3 6.50 10.2 036
7 0 5.73 11.5

14.3 6.50 10.2 1002
8 0 3.73 11.5

65

and further treatment of the ultrafiltrate comprising the
steps of:
passing the ultrafiltrate through the chambers K, of
an electrodialysis cell Zpcomprising the character-
istic sequence

—(K2—M—K1—M2)n—,

where M is an anion exchange membrane and M 1s a
bipolar membrane, and passing water or an electrolyte,
preferably the acid to be separated off, a salt of this acid
or a mixture thereof, through the chambers K, and
performing the electrodialysis using current densities of
up to 100 mA/cm?, the electric field required for this
purpose being applied by means of two electrodes at the
ends of the electrodialysis cell Zp. |

2. The process of claim 1 wherein the flow velocity of
the liquids in the electrodialysis cells ranges from 0.001
to 2 m/s. |

3. The process of claim 1, wherein the electrodialysis

is carried out at from 0 to 100° C.
| * ] x
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